The first planetary candidate discovered with radial velocities around a solar-like star other than the Sun, HD 114762 b, by Latham et al. (1989) was detected with a minimum mass of 11 M J . The small v sin i∼0 km s −1 otherwise measured by spectral analysis led to suspect that this companion of a late-F sub-giant star better correspond to a massive brown dwarf (BD), or even a low-mass M-dwarf nearly face-on. To our knowledge, the nature of HD 114762 b is still undetermined. Thanks to the first data release DR1 of the Gaia mission, the astrometric noise measured for this system allows us to derive new constraints on the astrometric motion of HD 114762 and on the mass of its companion. We use a method, GASTON, introduced in a preceding paper, able to simulate Gaia data and finding the distribution of inclinations compatible with the astrometric excess noise. With an inclination of 6.23 +1.93 −1.25 degree, the mass of the companion is constrained to M b =107 +31 −27 M J . HD 114762 b thus belong indeed to the M dwarf domain, down to brown dwarfs, with M b >13.5 M J at the 3-σ level, and is actually not a planet.
Introduction
The HD 114762 system was discovered by Latham et al. (1989) to host a possible brown-dwarf or giant planet with a period of 84 days and a minimum mass of 11 M J . This planetary-mass companion was later confirmed by Cochran et al. (1991) and subsequent monitorings (Butler et al. 2006 , Kane et al. 2011 . But not long after its discovery it was found that the hosting star, a very metal-poor late-F sub-giant, had a remarkably small v sin i∼0 − 1.5 km s −1 compared to its expected rotational speed v rot ∼8 km s −1 (Cochran et al. 1991 , Hale 1995 . This implied a far from edge-on inclination, leading to reconsider the mass of the companion beyond the planetary mass regime (>20 M J ), within the brown dwarf mass-domain. Nonetheless it was suggested that the considerable age (>10 Gyr) and low metallicity (-0.7 dex) of the F9 primary could imply smaller stellar rotational speed, down to 2 km s −1 and thus larger inclination of HD 114762 b's orbit (Mazeh et al. 1996) .
Moreover, non-zero spin-orbit misalignement of exoplanet orbits and stellar spin has been measured today for many transiting systems (e.g. Winn et al. 2005 , Hébrard et al. 2008 , Triaud et al. 2010 , Johnson et al. 2017 . This considerably weakens the outcome of measuring a discrepancy between stellar rotation rates and v sin i on infering an orbital inclination. The discovery of a visual binary companion, HD 114762 B, at a separation of 130 au, implied that the obliquity angle of the planet orbit could indeed be misaligned with the star's rotation axis by dynamical effects, such as Lidov-Kozaï mechanisms (Patience et al. 2002 , Burrow et al. 2009 ).
Finally, the possibility of transits of HD 114762 b was rejected, thus excluding an edge-on configuration (Kane et al. 2011) . The nature of HD 114762 companion remains unknown, with, to our knowledge, no definitive conclusion on its mass. Please send any request to flavien.kiefer@iap.fr
The final release of the GAIA mission, based on an astrometry of an extreme precision, is forseen to allow the exact mass of many systems detected with radial velocities (RV) to be determined (Perryman et al. 2014) . In Kiefer et al. (2019) , hereafter K19, we have shown that even at the level of the astrometric noise recorded in the DR1, the powerful precision of Gaia was already able to provide strong constraints on the mass of companions detected with RV. In particular, the mass of few brown dwarf (BD) candidates were constrained to rather be in the Mdwarf mass regime, while some could be confirmed with BD mass.
Applying the analysis and methods developed in K19, called GASTON, to the case of HD 114762, we add here new constraints on the inclination of the orbit and the mass of its companion thanks to the first released data (DR1) of the Gaia mission (Gaia Collaboration 2016).
Section 2 summarizes the main properties of the HD 114762 A system. Section 3 presents the astrometric measurements obtained by Gaia in the DR1 and the derived inclination and mass of the companion of HD 114762 A. In Section 4, we discuss on the possibility for a wide binary companion to pollute Gaia astrometry of HD 114762. In Section 5, the proper motions of the HD 114762 system observed by Hipparcos and Gaia are compared and discussed with regards to the existence of several companions. We conclude in Section 6. Table 1 summarizes the main stellar properties of HD 114762 A. This sub-giant F9 star is located at 40 pc from the Sun, with a parallax of π=26 mas and a 7.3 apparent magnitude in the Vband.
Properties of the HD 114762 A system
Radial velocity data have been collected along the years since the discovery of the BD/exoplanet companion of this source. The best radial velocity solution is given in Kane et al. (2011) . This is based on Lick observatory spectra collected on a time line of 19 years. An 84-day orbit leads to a robust Keplerian fit of the star reflex motion. The fitted Keplerian as reported in Kane et al. (2011) and corrected with the last stellar mass derivation by Stassun et al. (2017) is given in Table 2 . A possible linear trend of 3.5 m s −1 /yr, indicative of an exterior companion, was reported by Kane et al. (2011) , but this led to an insignificant improvement of the fit of the RV data. No other supplementary signal was reported in the RV O-C residuals of this star beyond a semi-amplitude of 27 m s −1 .
According to the RV solution and the relatively large parallax of this system, the minimum semi-major axis of the orbital motion of the star should be larger than 0.11 mas. With a typical measurement error on the order of 0.5 mas, and at least 180 astrometric measurements, Gaia should be able to detect the astrometric motion of HD 114762, even in the most unfavorable edge-on case.
Astrometry of HD 114762 with Gaia
Using the GASTON method developped in K19, we can make use of Gaia astrometry to constrain the mass of HD 114762 A's companion. It uses RV Keplerian solutions and the astrometric excess noise published in the Gaia DR1 to put a constraint on the inclination of the RV companion's orbit and therefore determining its true mass. The principle of this method is simple. GASTON simulates Gaia photocenter measurements along the constrained RV orbit with different inclinations of the orbit with respect to the plane of the sky. Various inclinations can be tested, each leading to a simulated astrometric excess noise simu . We then constrain the different possible inclinations by comparing the whole set of simu with its actual measurement in the DR1, DR1 .
Compared to K19, we made here a few improvements in the GASTON method. We incorporated a Markov-Chain Monte Carlo (MCMC) process to explore the full parameter space, accounting for error bars on the RV Keplerian parameters, and an inclination prior distribution p(θ)=sin θ dθ. Details on the MCMC implementation can be found in the Appendix.
The astrometric excess noise can be found in both the DR1 (Gaia Collaboration 2016) and the DR2 (Gaia Collaboration 2018). Although based on a shorter timeline of astrometric measurements (25 July 2014 -16 September 2015, or 416 days) we use the value of that is published in the DR1. We found it more reliable than in the DR2 because of the so-called "DOFbug" that directly affected the measurement of the dispersion of the final astrometric solution (Lindegren et al. 2018 ). The value of for this system was thus retrieved from the Gaia's DR1 archives 1 .
The astrometric excess noise is obtained by estimating the χ 2 of its along-scan angle residuals around the 5-parameters solution, as derived by Gaia's reduction software (Lindegren et al. 2012) . Parallax and proper-motion for this star are calculated by Gaia taking into account existing Hipparcos and Tycho-2 astrometric positions as priors, leading to a 25-years baseline for fitting the star's motion. It implies that the orbital motion of the star with P=84 days should have a negligible effect on the measurement of these parameters during the 416-days timespan of DR1.
The DR1 excess noise may incorporate bad spacecraft attitude modeling, which means that the value of does not consist only in binary motion (Lindegren et al. 2012) . The amplitude of the attitude and calibration modeling errors within could be estimated from its median value in the primary sample of objects observed with Gaia (Lindegren et al. 2016 ), med =0.5 mas. The 90% percentile rises at 0.85 mas. Any value of above that level likely contains true binary astrometric motion. For HD 114762, the Gaia DR1 publish a value of astrometric excess noise of 1.09 mas, which thus reveals significant astrometric motion in this system.
The Gaia DR1 parameters later used in this paper are summarized in Table 3 . It includes the astrometric excess noise, D the significance of giving a p-value p=1 − e −D /2 (Lindegren et al. 2012); ∆Q that measures the discrepancy between extrapolated Hipparcos-2 models and Gaia actual measurements -a value larger than 100 indicates binarity with semi-major axis possibly larger than 1 au (Michalik et al. 2014; Kiefer et al. 2019) ; N orb the number of HD 114762 b orbits covered by the Gaia DR1 timespan; N obs the total number of along-scan angle measurements of HD 114762 performed by Gaia; N FoV the number of field-of-view transits of the source on the CCD detector; There is no detection of astrometric motion in the comparison of Gaia and Hipparcos, with ∆Q<100. This is not surprising since the orbital period of the system is smaller than 100 days, while the Hipparcos-Gaia timespan is on the order of 25 years. It also shows that there are no binary companion attached to this system with periods on the order of a few tens to few hundreds of years. The insignificant trend reported in Kane et al. (2011) could thus correspond to a companion on an orbital period larger than a few hundreds of years. This could be compatible with the detected companion at 130 au (Patience et al. 2002) for which the minimum orbital period possible (at e∼1) is 500 years. We discuss this possibility in Section 4 below.
There are little chances for the large value =1.09 mas being an artifact of the Gaia reduction. This source was not duplicated and has an optimal visual magnitude in the Gaia band of 7.3. We cannot find other diagnostics that would rule out the astrophysical nature of this excess noise. We are aware that some astrometric measurements might be affected by background stars pollution. This diagnosis is not always even certain though, with the recent example of the eclipsing system NGTS-10 for which an excess noise of ∼2 mas is observed in both DR1 and DR2 (Mc-Cormac et al. 2019) , while a close star is detected as well. The authors of this study suspected a mismatch of NGTS-10 with that star occasionaly.
A widely separated (ρ=130 au; 3.3") M/brown-dwarf companion with a magnitude difference of 7.3 in the K-band was detected around HD 114762 A (Patience et al. 2002) . Given that the magnitude difference is likely larger in the optical band, since HD 114762 B was not detected in the Gaia DR1 or DR2, we are confident that this visual companion could not have the same effect here. However, it remains possible that part of the astrometric excess noise measured in the DR1 for HD 114762 A could be due to its reflex motion due to the presence of HD 114762 B. We explore this issue in more details in Section 4 below.
We conclude that Gaia likely catched a significant astrometric binary motion in the system of HD 114762, with a semi-major axis as large as =1.09 mas (or 0.04 au). With this estimate of , along the parameters given in Tables 1, 2 and 3, we use the method described in K19 to derive a constraint on the inclination of the orbit of HD 114762 b and on its mass. The results of the GASTON simulations are given in Table 4, and the MCMC posterior distributions of all parameters presented on Figure A .1. A simulation of Gaia measurements is plotted on Figure 1 along with the derived I ctot relation for this system. The quantity tot encloses the total scatter of astrometric measurements (see Appendix A.3 for the exact definition).
We find that HD 114762 b orbit should be almost face-on with an inclination of 5±1 • . The mass is revised to be in the M-dwarf regime with M b =140 +33 −27 M J . At 3-σ the confidence interval extends to 67 − 311 M J , fully rejecting a planetary mass Notes.
(a) f is a free scaling factor for the uncertainty on 2 , as explained in the Appendix. for this companion. We measure a photocenter semi-major axis of 1.35 +0.29 −0.23 mas, and a difference of visual magnitude between the primary and this companion of 8.6±1.0. This leads to a total separation between these components of a tot =0.36±0.11 au.
The binary component HD 114762 B
As was reported in Patience et al. (2002) , the system of HD 114762 is also a wide visual binary couple A & B. The separation between the two components was measured to be 3.3", with a magnitude difference in the K-band of 7.3 mag. This led to derive a mass of the secondary component of about 0.088 M (Bowler et al. 2009 ) and a separation of 130 au. The minimum orbital period of this wide-orbit companion is thus of 600 years, if on a very eccentric orbit and if detected at the apoastron.
It is important to determine if this companion B, yet undetected by Gaia -probably weaker than magnitude 18 in the Gband -could be at the origin of the astrometric excess noise that was measured by Gaia in the DR1 for HD 114762. With the same core as used above, we simulated 100,000 different orbital configurations of HD 114762 B and calculated the possible values of excess noise measured with Gaia during the DR1 campaign, if only due to the presence of HD 114762 B. We varied the semimajor axis from ρ/(1 − e) to ρ/(1 + e) with ρ=130 au the separation between components A and B, and e a random eccentricity between 0 and 1. The different periods and eccentricities tested are plotted on Figure 2 . Random inclinations are drawn from the density function p(θ)=sin θ dθ. In all cases, the corresponding radial velocity variations on a baseline of 19 years are always smaller than 12 m s −1 , thus smaller than the amplitude of the O-C residuals and of a possible linear trend in the data of Kane et al. (2011) .
The excess noise of the reflex motion of HD114762 A due to HD114762 B is typically =0.55±0.11 mas, with 68.3% of the simulations within this interval. This is presented on Fig. 3 . The value DR1 =1.09 mas is reached in only 0.14% of the simulations. At this level, we cannot fully exclude that HD114762 B is responsible for the excess noise observed by Gaia in the DR1, but it is unlikely. Table 5 shows the proper motions derived for the HD 114762 AB system using different instruments and different reductions. Comparing the proper motion measured in Faherty et al. (2012) with ANDICAM for HD 114762 B to the proper motion of the HD 114762 system measured in the DR1 2 shows that the relative astrometric motion of B compared to A is about 3.4 mas/yr. The mass ratio m A /m B =0.11 implies that the relative motion of A compared to the center-of-mass of the AB system due to the presence of B should be ∼0.34 mas/yr. Therefore, the existence of HD 114762 B has an impact on DR1 that is likely lower than 0.4 mas.
If we conservatively assume that the orbital motion of HD114762 B contributes B =0.55 mas, then the remaining excess noise to be explained by the unseen companion HD114762 Ab, should be at least Ab = 2 DR1 − 2 B =0.94 mas. This is still a large significant excess noise. Running GAS-TON with this new value results in a mass for HD 114762 Ab of 107 +31 −27 M J and an inclination of 6.23 +1.93 −1.25 degrees at 1-σ. A planetary mass <13.5 M J is rejected at the 3-σ level. The final results on all other fitted parameters are summarized in Table 4 .
Interestingly, fitting the astrometric reflex motion of HD114762 A due to HD114762 Ab on Hipparcos data, Halbwachs et al. (2000) found a tentative mass for HD114762 Ab of 0.105±0.097 M , which central value is in agreement with our findings.
Proper motions of the HD 114762 system
We suggested in Section 3 that, with an orbital period larger than 500 days, HD 114762 B could be compatible with the small ∆Q factor given in Table 3 . This quantity, for a given system, is calculated by measuring the significance of the proper motions difference between Hipparcos and the Gaia DR1. But as can be seen in Table 5 , the proper motions of HD 114762 found by Hipparcos-2 (van Leeuwen 2007) differ from the Gaia DR1 proper motions by a factor that is only compatible with zero at 3σ. A ∆µ∼2 mas would better correspond to the orbital reflex motion of HD 114762 A due to HD 114762 Ab, as typically found for the simulated Gaia DR1 data in Table 4 .
The proper motions found by Halbwachs (2000) using Hipparcos measurements account for the orbital reflex motion due to HD114762 Ab. They fully agree with this interpretation, given the resulting difference with the Gaia DR1 of only 1.14±0.96 mas/yr. On the other hand, this insignificant difference is compatible with the estimated effect of the wide orbit companion HD114762 B, since we would expect a proper motion of HD114762 A of the order of 0.4 mas/yr.
The difference with DR2 proper motions is even more pronounced, with ∆µ DR1−DR2 =4.6±1.2 mas/yr. This should be considered with caution though, because in the DR2 the star HD 114762 is a duplicate source. Many observations (17 over 29 CCD transits) were not taken into account, explaining the large uncertainties on these proper motions.
Conclusions
Thanks to the Gaia astrometry published in the first data release of the mission (DR1; Gaia Collaboration 2016), we addressed the puzzling question of the true nature of HD 114762 b. By the use of the GASTON method (Kiefer et al. 2019) , the large astrometric excess noise of 1.09 mas measured by Gaia for this system, we could derive an inclination of 4.87 +1.05 −0.85 degree for HD 114762 b's orbit. This led to a mass of the companion of M b =140 +33 −27 M J and greater than 67 M J at the 3-σ level. This confirms the initial doubts on the planetary nature of the companion, due to the v sin i of the primary star that was found to be significantly lower than the expected rotational velocity for such G-type star.
We investigated the effect of the presence of the wide-orbit companion HD 114762 B. We found that while it could be responsible for part of the astrometric motion of HD 114762 A, it is likely not the explanation for an excess noise as large as 1.09 mas. Accounting for this binary component, we found that the mass of HD 114762 Ab would lower down towards the brown-dwarf domain, with M b =107 +31 −27 M J . A planetary mass <13.5 M J for this companion is rejected at 3-σ.
Thus, whereas HD 114762 b was reported as a planetary candidate with a minimum mass of 11 M J , it is shown here its true mass is significantly larger and not in the planetary domain. The hot Jupiter 51 Peg b (Mayor & Queloz 1995) actually was the first planet discovered around a solar-type star. 
For given orbital parameters, the value of the simulated semiamplitude, K simu , is calculated by using the standard formula (see e.g. Lovis & Fisher, Exoplanets, 2010) :
28.4329 m/s
The total excess noises 2 tot,simu and 2 tot,mes are defined as follows:
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with DR1 the excess noise published in the Gaia DR1. Ideally, one should search for parameters leading to residuals R i compatible with N DR1 i=1 R 2 i /(N DR1 − 5)= 2 tot,mes following the definition of the excess noise measured by Gaia, in e.g. Lindegren et al. (2012) .
Using 2 tot rather than DR1 as a data point in the MCMC appeared as the most natural choice. Indeed, according to the above formula, epsilon 2 tot is calculated like a χ 2 with N dof =N DR1 − 5 degrees of freedom (dof); where N DR1 is the number of data points and ν=5 is the number of astrometric parameters fitted by Gaia (Lindegren et al. 2016 ). Up to some extent, the purely stochastic part of 2 tot follows a χ 2 distribution with large N dof -typically 100 -and thus an approximate Gaussian distribution. It is therefore quite natural to express errors on the determination of the excess noise directly on 2 tot . The uncertainty on 2 tot is the most important term of the likelihood, as it scales the posterior distribution of inclinations, and therefore of the resulting true mass of the companion. The residuals in the above formula can be expressed as the sum of a non-stochastic term Q i fixed by the λ's parameters and a purely stochastic random variable r i with assumed Gaussian distribution, R i = Q i (λ) + r i . The uncertainty on 2 tot is the square root of its variance V which can be written as
The first term can be approximated by a Monte Carlo method, measuring the variance of the 2 tot distribution spanned by N randomly selected series of epochs and scan-angle {t i , φ i } at a given set of λ's parameters. This part is crucial, because the exact epochs and scan-angles actually selected by Gaia are unknown to us. Omitting this term leads to reject too much set of parameters explored with the MCMC, leading to mean acceptance rates as low as 0.10, while it should rather stand about 0.25.
V(
Q 2 i /(N DR1 − 5)) ≈ Var (i) tot,simu ; i ∈ [1, N]; λ's given
The sum of the 2 remaining terms is a (mostly) stochastic contribution to the uncertainty on 2 tot .
It comes on one side from the measurement errors of the scanning process on the Gaia CCD detector (σ AL ∼0.4 mas) and on the other side, from a systematic scatter of diverse originssuch as the imperfect modeling of the spacecraft attitude -with σ sys ∼0.5 mas (Lindegren et al. 2016 , Kiefer et al. 2019 . The total stochastic noise on residuals thus scales as σ 2 noise =σ 2 AL + σ 2 sys .
